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Abstract – Nacrtak
This paper presents the test results of exhaust emissions from the engine of a wheeled har-
vester. On the basis of the present analysis, the ranges of most frequently used engine loads 
and speeds were determined. The obtained time density characteristics (distribution of engine 
speeds and loads in time) of the engines were referred to the measuring points of the exhaust 
emission homologation test. During the measurement of the exhaust emissions, the machine 
was in the forest engaged in tree cutting. Exhaust emission tests from non-road vehicle engines 
are currently performed on engine test beds in the NRSC and NRTC tests. The present meth-
odology is a new solution that could be used in the future as a basis for the development of 
harvesting technology aimed at reducing exhaust emissions from engines. During the tests, 
the authors also measured the amount of timber harvested during the felling process in order 
to be able to relate the emission results to the amount of the generated product. Harvesters are 
more and more often used in forest operations but they still have to compete with handheld 
(gasoline powered) chainsaws and that is why in this paper the authors included a comparison 
of the exhaust emissions from a chainsaw with the emissions from the engine of a harvester. 
The authors used a portable analyzers (SEMTECH DS and LAM manufactured by SEN-
SORS) for the measurement of the exhaust emissions. The said analyzer can measure the 
concentrations of exhaust gas components in an on-line mode, while the engine is running 
under field conditions.
Keywords: exhaust emissions, harvester, chainsaw, on-board measurement
1. Introduction – Uvod
Exhaust	emissions	are	one	of	the	most	important	
issues	 related	 to	 transport	and	 industry.	For	many	
years,	 the	impact	of	the	environment	pollution	(in-






















and	 estimates	 under	 actual	 operating	 conditions.	
There	are	numerous	works	aimed	at	implementing	




























2. Testing methods and equipment  



























requirements	 and	 the	 amount	 of	 emissions	 from	
chainsaw engines and heavy-duty diesel vehicles used 
for	timber	harvesting.	In	this	paper,	the	emissions	of	



























Table 1 Basic technical specifications of the harvester
Tablica 1. Osnovne tehničke značajke harvestera
Capacity/number of cylinders
Kapacitet/broj cilindara
6.8 liters/6 cylinders in-line
6,8 litara/6 cilindara, linijski 
Maximum power output
Najveća snaga
129 kW @ 2000 rpm
129 kW pri 2000 min-1
Maximum torque
Najveći zakretni moment
780 Nm @ 1300–1400 rpm















Ubrizgavanje sa stalnim tlakom
Engine emission regulations
Norma ispušnih plinova
Stage III A/Tier 3
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Table 2 European (Stage) and American (Tier) exhaust emission 
limits for the harvester engine
Tablica 2. Europske (Stage) i američke (Tier) granične vrijednosti 
emisije ispušnih plinova za motor istraživanoga harvestera
CO, g/kWh HC, g/kWh NOx, g/kWh PM, g/kWh
Stage IIIA
5.0 NOx + HC – 4.0 0.3
Stage IIIB
5.0 0.19 3.3 0.025
Tier 3
5.0 NOx + HC – 4.0 0.3
Tier Interim 4
5.0 3.54 0.02
Fig. 1 Exhaust emission tests (harvester engine)
Slika 1. Ispitivanja emisije ispušnih plinova (motor harvestera)
Table 3 Basic technical specifications of the chainsaw







Recommended max. bar length






Masa (bez vodilice i lanca)
5.2 kg
Engine emission regulations
Norma ispušnih plinova 
Stage II
P.	Lijewski	et	al.	 Research	of	Exhaust	Emissions	from	a	Harvester	Diesel	Engine	...	(113–122)































Fig. 2 Forest harvester with the exhaust emission measuring equipment
Slika 2. Izgled harvestera opremljenoga mjernom opremom za mjerenje emisije ispušnih plinova
Fig. 3 Testing area and harvester route during testing (created at gpsvisualizer.com)
Slika 3. Mjesto istraživanja i kretanje harvestera tijekom ispitivanja (gpsvisualizer.com)
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3. Results of tests and discussion  




Fig. 4 A diagram of a portable analyzer SEMTECH DS; exhaust gas 
flow channels (arrow) and electrical connections circled (line)
Slika 4. Dijagram prijenosnoga analizatora SEMTECH DS, protok 
ispušnih plinova (strelica) i električne veze (linija)
Table 4 The specification of SMTECH-LAM

















<0.25mg/m3 over 6 hours






5 Hz (internally to 100 Hz)
5 Hz (interno do 100 Hz)
Output
Izlaz
RS232 Analog 0 to 5 VDC option
RS232 Analogni 0 do 5 VDC opcijski
Power supply
Napajanje
12 to 24 VDC or 110 to 240 VAC








Fig. 5 Time density of harvester engine during the test under ac-
tual operating conditions
Slika 5. Udjel brzina i opterećenja motora tijekom istraživanja 
har vestera
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case	of	machinery	tested,	the	engine	operated	in	a	



























eration	 is	much	higher	 though	 (almost	 three	 times	
higher	than	the	limits	set	forth	in	Stage	III).
The	authors	also	performed	an	analysis	of	the	ex-














Fig. 6 Exhaust emissions during harvester operation overlain on the map (created at gpsvisualizer.com)
Slika 6. Kartografski prikaz emisija ispušnih plinova tijekom rada harvestera (gpsvisualizer.com)
Fig. 7 Exhaust emissions from a forest harvester under actual op-
erating conditions compared to Stage IIIA and IIIB standards (based 
on AVL Current and Future Exhaust Emissions Legislation 2007)
Slika 7. Usporedba emisije ispušnih plinova harvestera u radnim 
uvjetima s razinama propisanim normom
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1.14	dm3	related	to	1	cubic	meter	of	timber	harvested	


















As far as the chainsaw is concerned, during the 









Fig. 8 Exhaust emissions from a forest harvester under actual op-
erating conditions related to 1 cubic meter harvested
Slika 8. Emisije ispušnih plinova harvestera u stvarnim radnim uvje-
tima po izrađenom kubnom metru
Fig. 9 Comparison of exhaust emissions from a chainsaw and a 
harvester measured under actual operating conditions
Slika 9. Usporedba emisija ispušnih plinova motorne pile lančanice 
i harvestera izmjerenih u radnim uvjetima
Fig. 10 Comparison of exhaust emissions from a chainsaw and a 
harvester measured under actual operating conditions related to 1 
cubic meter of timber harvested
Slika 10. Usporedba emisija ispušnih plinova motorne pile lančani-































































tion of the research with a view to reducing the ex-
haust	emissions	from	engines	including	those	used	in	
silviculture.
































































































EPE		 –		Estimate	of	Position	Error	 –	Procjena greške 
položaja
GHG	 –		Greenhouse	Gases	–	Staklenički plinovi
FID		 –		Flame	Ionization	Detector	–	Detektor ionizacije 
plamena




Međunarodna agencija za istraživanje raka









OBD	 –		On	Board	Diagnostics	–	Dijagnostika na vozilima
PAH	 –		Polycyclic	Aromatic	Hydrocarbons	–	Policiklički 
aromatski ugljikovodici
PEMS	 –		Portable	 Emissions	 Measurement	 System 
Prijenosni sustav za mjerenje emisija
PM	 –		Particulate	Matter	–	Čestice čađe
RME	 –		Rapeseed	 Methyl	 Esters	 –	 Metilni esteri 
repičinoga ulja
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 	 Sažetak	  
Istraživanje emisija ispušnih plinova dizelskoga motora harvestera uporabom 
prijenosnoga sustava za mjerenje emisija
U radu se istražuju emisije ispušnih plinova harvestera i motorne pile pri pridobivanju drva. Predstavljena je 
poredbena analiza glavnih spojeva u ispušnim plinovima (ugljikov monoksid, dušikovi oksidi, ugljikovodici i čestice 
čađi). Autori su proveli i analizu potrošnje goriva spomenutih strojeva pri sječi i izradbi drva. U šumskim se oper-
acijama sve češće koriste harvesteri, no još se uvijek moraju natjecati s motornim pilama pogonjenima benzinom. 
Uprvo su zbog toga autori uključili u rad i usporedbu emisija ispušnih plinova motorne pile s emisijama motora 
harvestera. Analizom dostupne literature u vezi s potrošnjom goriva i utjecaja na okoliš šumskih strojeva dolazi se 
do zaključka da je većina radova temeljena na laboratorijskim ispitivanjima i izračunima. U ovom je radu primijen-
jen drugačiji istraživački pristup. Istraživanje emisija ispušnih plinova i potrošnje goriva provedeno je u stvarnim 
radnim uvjetima tijekom pridobivanja drva (borovine). U tu su svrhu korišteni analizatori emisija ispušnih plinova 
PEMS (prijenosni sustav za mjerenje emisija). Za mjerenje plinova korišten je SEMTECH DS, a za mjerenje količine 
čestica čađe korišten je LAM (oba proizvođača SENSORS). Navedeni analizator može mjeriti koncentraciju kompo-
nenti ispušnih plinova u on-line modu tijekom rada motora u terenskim uvjetima. Predstavljena je metodologija novo 
rješenje koje bi u budućnosti moglo poslužiti kao osnova za rad na razvoju smanjenja emisija ispušnih plinova mo-
tora. Tijekom istraživanja autori su mjerili i količinu proizvedenoga drva, stoga su rezultati emisija mogli biti dove-
deni u vezu s količinom proizvoda (jednoga kubnoga metra izrađene oblovine).
Ključne riječi: emisije ispušnih plinova, harvester, motorna pila, mjerenje na vozilima
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